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SUMMARY

f During the third quarter of this program a Re emitter- Mo collector con-

verter was tested with Cs and CsF additive, This same converter had been tested

*in the previous quaarter with Cs only and its performance agreed well with the
U documented performance of similar devices. The most significant effect of the

CsF observed is a lowering of the collector work function by 0. 1 to 0. 15 volts.
This collector work function reduction is evident in retarding plot measurements

and in the increase of the output voltages at the "knee" of current-voltage curves.

The effect of the additive on the work function of the emitter has not been

clearly formulated at this time. Under conditions of high power output the emitter

work function appears unaffected. At lower Cs pressures, however, an increase

in work function- is observed for high CsF arrival rates, while low CsF arrival

rates result in work functions lower than the Cs-only case.

I A Re emitter - Mo collector converter was operated for 150 hours with Cs

I and CsF additive and then subjected to metallurgical examination to reveal any

corrosive effects of the CsF. The emitter, collector and seal structures were

I examined and no corrosion attributable to the presence of CsF was detected.

I vii
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CHAPTER I

INTRODUCTION

During this quarter, the program moved into the second phase of experiments

designed to study the effects of cesium halide vapors on the performance of

thermionic converters. This phase consists of testing a Re emitter Mo collector

converter with CsF in addition to Cs. The first phase was concerned with the

vacuum and cesium characteristics of the converter. The object of that sequence

of experimentation was to establish a reference performance deviation which could

then be attributed to the presence of CsF. The reference performance documen-

tation consisted of three kindw-of data:

a. Current voltage curves in the region of high power generation

were obtained to a sufficient extent to confirm that this device followed

the performance maps generated in the past for the Re-Mo system.

b. Emitter work function values were obtained at various

combinations of emitter and Cs reservoir temperatures.

c. Collector work functions were computed from retarding plots.

The purpose of documenting emitter and collector work function variation as

well as performance was to make possible the correlation of performance changes

with changes in these parameters.

The section on experimental results that follows presents experimental evi-

dence of increased output power of the test converter in the range of emitter temp-

eratures of 16000 to 2000K after the CsF was introduced. This increase comes

about from an increase in output voltage and, therefore, is the most desirable form

of increased perfoimance since it implies a proportional increase in efficiency.

1[
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Measurement:, of emitter work function indicate a complex dependence of this

variable on emitter temperature, Cs arrival rate, and CsF arrival rate. At this

time a correlation of these variables has not been achieved. The collector work

function measurements indicate that lower values are obtained when the Cs F is

present.' .
The results of corrosion tests are presented in the form of mefallographs of i

the emitter and collector surfaces and the seal structure. Longer duration tests

will follow, but is seems at this time that no serious corrosion problem exists. 1
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CHAPTER II

I EXPERIMEN'TAL RESULTS

1. Performance

The primary objective of this program is to document any changes in con-

verter performance brought about by the presence of cesium halide vapors in the

converter. The most direct approach to this objective is the systematic compila-

tion of current voltage curves. The basic building block of such a parametric

study is a family of current-voltage curves obtained by letting the cesium reser-

voir temperature vary while the remaining variables are held constant. Figure 1

is a family of curves obtained at an emitter temperature of 1780* K, a spacing of

0.022", and a collector temperature of 8480 K. The cesium reservoir tempera-

ture was varied from 543* to 623* K. Each current-voltage curve in Figure 1 is

I tangent to an envelope indicated by the dashed line. This envelope is the locus of

the maximum current obtainable at any given voltage by optimizing Cs pressure

for a given emitter temperature and spacing. The existence of this envelope makes

possible for more meaningful comparisons of performance than the use of single

I current-voltage curves would allow.

A 10* K change in the cesium reservoir temperature, for example, results

I in double the current value at low voltages for a given curve. Use of the envelope,

however, eliminates the effect of this variable.

The above reasons dictated the use of such envelopes as the basis for compari-

SI sons in the present work. As a first step in the evaluation of the effects of CsF,

families and individual current-voltage curves were taken over the 1600" - 20000 K

range of emitter. temperature and were compared to the envelopes obtained with

Cs only. Figure 2 shows the envelopes for the families of curves with and without

!3!
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C9F at 1785' K emitter temperature and spacingi around 0. 02". The envelope

corresponding to the CsF family is higher than the Cs only envelope by a sub-

stantial'amount, especially at higher output voltages. The change appears to be

an increase in output voltage suggesting a lowering of collector work function. J
The range of cesium reservoir temperature required is at a higher level in the

CsF case. This fact suggests that a higher Cs pressure is necessary in CaF cases ]
to achieve the same emitter work function. These possibilities will be further

examined when the emitter and collector work function measurements are dis- I
cussed. Figure 3 is a comparison of the output powers associated with the

envelopes in Figure 2. The gain in power output and especially in efficiency are

significant since the same power is obtained at 25-3016 higher voltages. Figures

4, 5 and 6 demonstrate the same effect of the CsF over the entire emitter temp- -
erature region. The spacing values tested are only 0. 002" and 0. 022" and con-

sequently , spacing has not been optimized. Optimum spacing is related to Cs ]
pressure and therefore a different optimum should be expected in the CsF case.

When this optimum is obtained, a further gain in performance is quite probable. ]
In all instances of current-voltage tests, the CsF reservoir temperature was

varied. In all cases, however, the characteristics were observed to be inde- ]
pendent of the CsF reservoir temperature. The range of variation was limited to

6008 to 10000 K and apparently within this range the collector is saturated with

CsF. This conclusion is substantiated by Reference 1. In future experiments

much lower CsF reservoir temperatures will be investigated. I

2. Collector Work Function ]
The retarding potential method was used to determine collector work functions

There is doubt as to the accuracy of the absolute value of the work function meas-

urements obtained inthe manner because the effect of ion current cannot be readily

I
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I separated and edge effects may.also influence the results. However, a great deal

of data have been obtained in identical devices in this manner and collector work

functions have been correlated with the ratio of collector temperature to Cs

reservoir temperature. It was felt, therefore, that values of collector work

functions obtained in this manner in the CsF case could be compared on a relative

basis to the ones in the Cs-only case. Figure 7 shows the correlation of work

functions of cesiated molybdenum collectors from several devices as well as the

- present device before CsF was introduced. The shaded area indicates the spread

in work function values. Althoughthe correlation is by no means complete,

I certain trends appear. The values obtained in the presence of CsF are 0. 1 to

0.2 volts lower. The location of the minimum value appears to have shifted from

a T C/TR value of 1. 9 to 1. 4 or 1. 5. This is especially significant since this is

the region of converter operation that results in high output powers. This result

is in line with the improvement in performance observed in the current voltage

data. Variation of the CsF reservoir temperature from 530* to 700* K did not

SI result in any change of collector work function; the reason for this is suspected

to be that the collector surface is saturated at some arrival rate corresponding to

Si reservoir temperatures lower than 530* K. Further experimentation will investi-----

gate this lower arrival rate region.

3. Emitter Work Function

The dependence of the work function of cesiated Re on surface temperature and

cesium reservoir temperature has been determined in the past by this group,

(See Reference 2) The emitter work function of the present device was determined

prior to the introduction of CsF and was reported in the last quarterly report.

These measurements agreed with all previous work. These work function deter-

minations are all obtained from saturation current values under ion-rich conditions.

II
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At this time, two series of emitter work function runs have been conducted.

In both cases, the variations in the CsF reservoir temperature resulted in no

change, indicating that the surface was apparently saturated with CsF.. The data
• are ploted in Figure 8 in the form. of dark and light circles. The solid line to

the correlation for Cs on Re. Both sets of data indicate a higher work function

for a given surface temperature and cesium reservoir temperature. This is in

agreement with the fact that the current voltage curves require somewhat higher

cesium reservoir temperature in the CsF case. Both sets of data follow lines

of lesser slope than the cesiated Re line. The amount of data available at this

time'do not allow any correlation of the variables. It is obvious, however, that

measurements at low CsF arrival rates are necessary before the relationships

can be understood.

4. Corrosion Tests

A typical converter operated for about 150 hours with Cs and CsF inside

was opened and examined to ascertain the corrosive effects of CsF. Prior to the

metallurgical examination, the converter was opened to air.. Apparently some

metallic Cs remained in the converter although an attempt was made to remove all

Cs. The moisture in the air rapidly formed CsOH in aqueous solution which

caused some secondary corrosion.

A metallograph of the Re emitter surface is -h own in Figure 10. This emitter

surface appeared quite'typical of the Re run for some time in a converter. A net-

work of grains varying greatly in size is seen, and individual grains are perceptibly

not flat. The grain boundaries are very clearly del.ineated, and there may be some

slight attack on impurities segregated at them, but if so, it is due to Cs and not

to CsF, since the appearance of a Re emitter removed from another tube is very

similar (Figure 10). In neither case is there apparent attack of the Re surface.

6!
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V Most of the collector is covered with a thin layer d dark material which is

probably an oxide of Mo. Similar deposits have been found in other converters

I in the past. The deposited layer is fairly uniform over the center of the collector,.

but at the edges different grains are often. differently colored, suggesting a sur-

.face reaction proceeding at a rate depending on the orientation of the grain. No

grain boundary attack or pitting is discernable.

Several spots are visible to the naked eye, and one of these is shown in

Figure 11 with Figure 12 at. 1085 x a magnified view of a part of it. The distri-

bution and shape of the spots suggest that they were a pattern of drops of some

r material on the surface at a time when condition s in the converter changed. The

nature of the attack seen in Figure 12 is typical of alkaline etching of Mo, and so

it is suggested that droplets of Cs and possibly CsF were left on the collector

surface in this pattern when it was opened to air,. and the moisture in the air

formed CsOH, which caused the etching attack. Therefore, this attack cannot

be attributed to the Cs or CaF alone.

SI The metal ceramic seal of the converter was sectioned and Figures 13 and 14

are photographs of it. These show sections of the Ni flange brazed between two

S metallized Al 03 rings with a Cu braze. Figure 13 shows the inside of the ring

composite, in the Cs/CsF atmosphere, and Figure 14 shows the outside of the

same section, exposed only to a vacuum. The diameter of the Ni flange in the

center of the sandwich is greater than that of the Cu braze rings used, and further-

more, when the braze melts, surface tension usually tends to pull the molten
metal into the space between the metallizing and the Ni, leaving a rim of bare Ni

I exposed. It is not, therefore, necessary to employ corrosion to explain the shape

of the Ni and Cu in Figure 13; its difference from Figure 6 is due to small differ-

ence.s in the cross section of the parts before fabrication of the seal. A further

pair of photographs, not shown, conifirms the conc'lusion that no corrosion has

"I."
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occurred at the seal.

The thin-walled Ta spacer was found to be brittle. Ta is known, from wide

previous experience, to be chemically inert to pure Cs, but to be embrittled by

contamination with the gases C, H, 0, and N. The emitter backing plate and

spacer were machined as one unit from Ta bar stock. In dismantling the tube,

a sharp blow caused the spacer to break away from the emitter, for almost its

whole circumference, so the emitter was removed from the spacer without any

cutting. j
Examination of the fracture surface gave photographs like Figure 15 and 16 at

300 x: transgranular or fibrous. This is consistent with an explanation of failure.

depending on a widely distributed impurity, possibily a dissolved gas. A com-

plete and final explanation is not complete at this time, but it is worth noting that j
the F atom has a radius comparable with C, 0 and N, and might have a similar

embrittling effect. This possibility is under study at present, although no other I
workers on Ta have discussed the possibility of embrittlement by F. It is known

that HF and F both attack Ta, but CsF is a stable compound, and Ta will not re-

duce it to Cs and TaF 2 . However, TaF is probably more stable than the fluorides

of Re, Mo, and Cu.

8
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I CHAPTER IU

I PLANS FOR NEXT QUARTER

The Re-Mo system will be further investigated. Particular attention will be

devoted to low C@F arrival rates. Emitter work function rrmasurements will be

I conducted-to the extent necessary to describe the dependence of emitter work

function of the remaining variables. The W-Mo system will also be investigated

The W experiments will be particularly useful in correlating this work to the

work reported by other investigators who have conducted emission studies with
I W.

The corrosion test will continue and the duration of these tests will be

I lengthened.

I
I
[
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Figure 11. Mo Collector Surface at 300 x

Figure 12. Mo Collector Spot at 1085 x
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f Figure 13. Inside Portion of Seal at 150 x
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j Figure 14. Outside Portion of Seal at 150 x
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Figure 15. Tantaluiim Thin Spacer

Figure 16, Tantalum Thin Spacer
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